In a previous study (1) in which the composition of the blood was determined in experiments in which fluid was injected continuously while the intestines were being traumatized, it was found that there was a great decrease in the protein content as well as in the volume of the blood plasma. The object of the experiments reported in this paper is to determine the effects of the intravenous injection of fluids on the composition of the blood of normal dogs.
After a few experiments had been performed, it was observed that the results following the injection of the same type of solution were somewhat variable. For example, in some experiments the concentration of the red blood cells increased while in others it decreased. In the experiments in which the arterial pressure remained normal the results obtained were different from those if the pressure declined, even though the drop was only temporary.
We do not know why there was a decline in the blood pressure in many of the experiments. No trauma was instituted in any of them. It seems most likely that it was usually caused by the fluid that was being injected but this was not always the case as in some experiments the decline appeared before the introduction was begun. Probably the morphine or the barbital that was used as anesthetic caused the decline in some experiments. The dosage of these was not great, being only sufficiently large to maintain the animals quiet and free from pain. In many of the experiments the decline in pressure appeared almost simultaneously with the beginning of the introduction of fluid. It frequently returned later to its previous normal level. Vincent and Thompson (2) have described the effects on the arterial pressure of the injection of salt solution into the veins of decerebrate cats. They found that the injection of 10 cc. of salt solution in some instances produced an elevation or a decline in the pressure equivalent to as much as 60 mm. Hg. The temperature of the fluid was thought to be the most important factor in determining the response.
BLOOD CHANGES WITH INTRAVENOUS INJECTIONS
METHODS Dogs were used in all experiments. Morphine or sodium barbital was used as the anesthetic. The results did not seem to be influenced by the anesthetic. After the animals became quiet a cannula that was connected to a mercury manometer was placed in the carotid artery in order to determine the blood pressure. Samples of blood were obtained from the femoral veins. The blood volume was determined at the beginning of most of the experiments by the dye method as outlined by Rowntree, Brown and Roth (3) . The blood that was withdrawn was replaced in all instances by an equal quantity of blood obtained from another dog. In most experiments tests were performed in order to be sure that the blood of the donor and recipient were not incompatible. Urine was collected through a catheter in the bladder. Small pieces of muscle were obtained at the beginning and end of some of the experiments for determinations of the water content.
When all of the specimens for the control determinations had been obtained, fluid was introduced at a constant speed and at body temperature through a cannula that had been placed in either the external jugular or the femoral vein. The fluid was usually injected at the rate of 10 cc. per kilogram of body weight per hour. In most of the experiments the duration of the introduction of the fluid was four hours, and the various samples for the analyses were collected one hour, two and one-half hours and four hours after the beginning of the injection. At one and three hour intervals after the termination of the injection, more samples were obtained. In a few of the experiments fluid was introduced throughout the entire period of observation and specimens for the analyses were collected at approximately two hour intervals. The following fluids were used in the different experiments; (1) 0.9 per cent salt solution, (2) 3.0 per cent salt solution, (3) 6.0 per cent glucose, (4) 20.0 per cent glucose, (5) 6.0 per cent gum acacia, (6) Evans' solution of 6.0 per cent gum acacia and 20 per cent glucose in normal saline, (7) blood serum and (8) whole blood.
The hematocrit determinations were performed by the use of the Van Allen tubes. The method of Cohen and Smith (4) was employed for the estimation of the hemoglobin. The initial blood volume was determined in most of the experiments by the dye method and the values obtained are placed in brackets in the tables. When not determined the blood volume was assumed to be ten per cent of the body weight and the volumes of red blood cells and plasma were calculated from the hematocrit readings. The alterations in the whole blood, red blood cell and plasma volumes that occurred in the experiments were estimated in the following manner. When both hemoglobin and hematocrit readings were obtained, the alterations in the total blood volume were assumed to vary in an inverse ratio to the changes in the percentage of hemoglobin, and from the total blood volume the quantity of red blood cells was calculated from the hematocrit readings. In the few experiments in which the hemoglobin was not determined, it was assumed that the volume of red blood cells remained constant throughout the experiments and alterations in the plasma volume were computed from the changes in the hematocrit readings. The various determinations were performed on the blood that was injected to replace that removed for the studies. Any differences between that removed and that injected were not considered in the various calculations. This introduced very little error. In the experiments in which the effects of the injection of whole blood were studied, the calculations were slightly more complicated. If blood is used, one is adding a fluid that contains red blood cells and consequently the changes in the hematocrit readings and hemoglobin are not measures of al-ALFRED BLALOCK, J. W. BEARD AND CHARLES I[HUSS terations in the blood volume. The calculations were made in the following manner. From the initial whole blood volume, the succeeding volume was calculated by the use of the percentage of hemoglobin as in other experiments. The actual volume of blood injected was reduced to that volume which would represent a blood with an hematocrit reading the same as the circulating blood at the time of the injection. The resulting value was then added to the tentative volume calculated initially from the hemoglobin changes and the sum was considered as the true blood volume. Each succeeding volume was calculated not from the control volume but from the one immediately preceding it since the hematocrit reading was constantly changing.
The total protein, the albumin and the globulin were determined by the same methods used in the experiments described in a previous paper (1) . The absolute amounts of the protein constituents were obtained by multiplying the percentage of each by the plasma volume. The water content of blood and of muscle was determined by drying them to a constant weight.
RESULTS
The results of the experiments with the different solutions that were used will be described separately. These groups will be subdivided into those in which the blood pressure remained at approximately the normal level throughout the experiments and those in which there was a definite decline in the pressure. Because of lack of space, only one experiment of each type will be given in detail in the tables. The results of one of these experiments are to be found in Table I .
II. THE EFFECTS OF THE INJECTION OF 3.0 PER CENT SALT SOLUTION
In no experiment in which 3.0 per cent salt solution was injected did the blood pressure remain entirely normal during the whole period of study. For this reason the experiments are divided into those in which the decline in blood pressure was great and those in which it was not so marked. In several instances bloody fluid was passed from the rectum.
A. Fairly well sustained blood pressure Four experiments of this type were performed. There was a decrease in the concentration of red blood cells during the injection followed by a marked increase after the cessation of the injection. The plasma volume increased during the injection and declined markedly later. In the two instances in which the injections were continued throughout the experiments there was an increase in the hematocrit reading and a decrease in the plasma volume at the conclusion. The diminution in the percentage of total protein, albumin and globulin was usually progressive up to the time that the injection was stopped. During the early part of the experiments there was usually very little reduction in the absolute amount of plasma protein but the decline later was usually marked. The results of one of these experiments are enumerated in Table II. B. More marked decline in blood pressure Two experiments were performed. The findings are similar in most respects to those in the preceding group except that the changes were more pronounced. The loss of protein was greater in experiment T 38 in which a very marked decline in blood pressure occurred than in any other experiment reported in this paper. There was not only a large decrease in the concentration of total protein, albumin and globulin in the serum but also a great diminution in the plasma volume. The absolute amount of plasma protein was least when the blood pressure was lowest which was during the early part of the experiment. The results of one of these experiments are given in Table II e4 cs v-
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There was an early decline in the blood pressure in both of the experiments. During the injection there was a slight increase in the volume of plasma and a reduction in the percentage and absolute amount of plasma protein. After the introduction of fluid was terminated the percentage of protein in the serum increased but due to the fact that the plasma volume decreased, the absolute amount of plasma protein in the circulation did not rise appreciably. The results of one of these experiments are given in Table IV . B. Decline in blood pressure In the experiment of this type, the blood pressure declined to a mean of 95 mm. Hg shortly before the beginning of the introduction of blood and it remained at that level for approximately one hour. There was a great increase in the concentration of red blood cells, a diminution in the volume of plasma, and a slight increase in the percentage of protein in the serum. Despite the fact that almost 17 grams of protein were present in all of the serum that was introduced the absolute amount of plasma protein was no greater at the end of the injection than during the control period. The results of this experiment are to be found in Table VIII .
In twenty of the experiments the water content of skeletal muscle was determined at the beginning and end of the studies. The results may be summarized briefly as follows. In the experiments in which isotonic solutions of salt or glucose were injected, there was a slight increase in the water content of muscle. In those instances in which hypertonic solutions of salt or glucose were used, there was usually a slight decrease in the water content of muscle. The injection of the gum acacia-glucosesaline solution was associated with a decrease in the water content of muscle. The results of these experiments are given in Table IX .
DISCUSSION
The results of these experiments may be divided into two rather definite groups. In those instances in which there was practically no alteration in the blood pressure, there was little or no loss in plasma protein. When solutions of salt or glucose were injected, they were lost from the blood stream rapidly and protein was usually not carried with them.
When solutions containing gum acacia were injected, there was an increase in the plasma volume due to the fact that a large part of the solution remained in the blood stream. The percentage of protein was decreased but the absolute amount of plasma protein remained approximately the * In experiments T 58, T 59, T 60, T 61, and T 62, the injection of fluid was discontinued after four hours and the samples were obtained three hours later. In the remaining experiments with the exception of T 13, fluid was injected during the entire duration of the experiments.
same. When blood serum or whole blood was injected, there was practically no loss either of the protein that was already in the blood stream or of that which was injected. In the other group in which there was a temporary or sustained decline in the pressure, the results were quite different. When solutions of salt or glucose were injected, there was a loss not only of a large part of the fluid that was injected but also a loss of blood plasma. It appeared in these experiments as though the mixture of the blood plasma and the injected solution passed through the vessel walls in the same composition as it existed in the blood stream. It seems that the loss was similar in this respect if gum acacia, whole blood or blood serum were injected. The results were different in that gum acacia and blood are colloidal solutions and that the portion of the fluid which was left in the blood stream exerted an osmotic pressure. Although there was a decrease in both the percentage and absolute amounts of plasma protein following the introduction of gum acacia, the latter due to the size of its molecule probably compensated for part of the loss. No attempt was made to determine the amount of gum acacia in the serum. Due to the fact that the injected blood serum and whole blood had approximately the same content in protein as the plasma in the blood stream, their injection was associated with only the decrease in the absolute amount of protein and not with a reduction in the concentration of protein.
It has been known for a long time that solutions of crystalloids leave the blood stream shortly after having been introduced. Most of the evidence has indicated that the walls of the blood vessels are normally impermeable to the passage of proteins. White and Erlanger (5) found that the injection of a strongly hypertonic solution of glucose and gum acacia into normal dogs was associated with an increase in the plasma volume, a decrease in the percentage of plasma protein and very little alteration in the absolute amount of plasma protein. The blood pressure was not determined in these experiments. It is rather generally believed that plasma is lost from the blood stream in shock. In the preceding study it was found that the intravenous introduction of protein free fluids into dogs in which tissues had been injured is associated usually with a decrease both in the plasma volume and in the percentage of protein in the serum. The present experiments show that protein may be lost from the blood stream without gross injury to tissues. As to the mechanism of the loss, we can make no definite statements. Protein may have been lost because of the decline in the arterial pressure or both the decline in pressure and the loss of protein may have resulted from a common cause. It is possible that the passage of red blood cells from the spleen into the general circulation caused an increase in the concentration of red cells in the latter. That the spleen was not entirely responsible was demonstrated in two experiments in which the spleen was removed and normal salt solution was injected after a decline in blood pressure had been produced by the introduction of a small amount of gum acacia. In both instances a concentration of the blood and a marked loss of protein was found. The results of these experiments are given in Table X. The observations on the water content of skeletal muscles showed that most of the fluid that left the blood stream did not pass into them. Analyses were not performed on other tissues but it seems likely that the greater part of the fluid escaped into the intraperitoneal structures. No free fluid was present in the peritoneal cavity in any of the experiments. In most instances in which 3.0 per cent salt solution was injected, there 
